Spatial navigation is a hot topic right now. One spark for the burst of excitement was the 2014 Nobel Prize that was awarded to John O'Keefe and Edvard and May-Britt Moser for the discovery of what people often term 'GPS in the brain': place cells and grid cells. Nothing makes a subject glamorous like a Nobel Prize. Furthermore, while place cells and grid cells won the attention of the Nobel Committee, a dizzying array of other relevant navigation cells have been discovered in rodents: head direction cells decades ago and, more recently, border cells, speed cells, vector cells and more. Together, they provide a formidable, computational armamentarium at the cellular level. At a systems level, human cognitive neuroscientists have deployed clever fMRI techniques to reveal the architecture of navigation, focusing on the areas in which the navigation cells reside, including the hippocampus, entorhinal cortex, parahippocampal cortex, retrosplenial cortex and areas within the parietal cortex. Using intracranial recordings of patients awaiting operations, researchers have confi rmed the existence of place cells and other navigation cells in the human as well as the rodent brain. The availability of virtual reality has spurred progress by allowing scientists at both the cellular and the systems levels to test humans and rodents in counterfactual situations, such as by presenting impossible spaces and scenarios in which speed of motion is decoupled from distance traveled. As new data pile up, we are asking sharper scientifi c questions and starting to test increasingly detailed computational models. Deep understanding at multiple levels of analysis seems within our grasp.
Against this backdrop, it is very welcome to see the publication of Human Spatial Navigation. Newcomers to the fi eld will benefi t from an introduction, and students will get to share in the fun. The book is accessible, short (weighing in at 168 pages of text) and beautifully illustrated. Inevitably, given its relative brevity, it is far from encyclopedic. However, the book should whet the appetite of its readers for deeper and wider exploration. In this review, I will highlight its many charms and virtues, while offering signposts to the ground that has not been covered.
Human Spatial Navigation starts invitingly with a gripping and lucid explanation of how Polynesian navigators effectively traversed the open ocean using only their wits. They accomplished this feat with keen attention to information that modern sailors miss, such as the varying types of waves in different sections of the ocean, and the use of a combination of internal and external cues concerning location. Using a system of imaginary islands, they mentally represented key external landmarks even when they could no longer see them, setting them as benchmarks against which to mark out distance and direction traveled. Understanding the basic elements of how this Polynesian system worked allows the modern reader, who may not often think about navigation, to gain an intuitive grasp of the terminology of the fi eld, such as the notions of allocentric and egocentric systems. Following some formal defi nitional passages, the authors reinforce the navigation lesson and the relevant terminology with the tale of the James Caird, a small boat piloted in an Antarctic emergency over a route that had not been previously traveled: from Elephant Island to South Georgia Island. The chapter fi nishes off with a description of research techniques, and the reader is hooked.
The subsequent chapters cover many of the most important behavioral and neural studies, and they effectively deal with several thorny issues. For example, the authors place a strong emphasis on the important issue of scale. They clearly distinguish between 'vista scale' (what we can see while standing in place) and 'environmental scale' (the many views we see when we walk around -views that we need to integrate to achieve an overview of routes and develop representations of spatial relationships that we have not directly experienced). This distinction is crucial to make sense of the literature, which has often blurred these differences and made claims about navigation from research that may tap other cognitive systems. As another example, the book offers a lucid intertwining of research and theory on episodic memory with research on navigation. Researchers studying one topic or the other, and fi nding that the underlying neural systems overlap, have often emphasized one or the other function or ignored the intertwining completely. However, a sense of place seems to be essential in anchoring particular memories of events in our lives.
Book review
There are fascinating discussions of brain damage and dementia in the book. These conditions underline the adaptive importance of the human navigational system and help us to dissect its components based on what is lost when parts malfunction. For example, consider taxi drivers, who play a large role in navigation research because their livelihood depends on their ability to get to all sorts of places by the shortest routes, avoiding blockages as necessary. We learn about a Japanese taxi driver who suffered a stroke that affected his retrosplenial cortex and suddenly lost his ability to determine directions and routes, although he could still recognize familiar landmarks. A taxi driver from London, who contracted encephalitis that affected the hippocampus, could still navigate around the city, but he only used the principal routes: that is, he had lost his ability to cut through the secondary roads that are often a more effi cient way to get across the complicated terrain. The same kind of defi cit appeared in the case of a Toronto taxi driver who developed Alzheimer's disease, which affects the hippocampal system early in its onset. Indeed, there is currently interest in the use of sensitive tests of subtle navigational defi cits to detect the warning signs of Alzheimer's, and this could help to support research into early intervention.
Although the title of the book is Human Spatial Navigation, the authors necessarily cover a good deal of research on rodents. Rats and sometimes mice are the source of much of the information about navigation on both the behavioral level, beginning with tasks such as Tolman's sunburst maze in the middle of the 20 th century, and the neural level (place and grid cells). To their credit, the authors import such information with care from rodents to a discussion of humans, and they offer an interesting comparison of rodent and human navigation capabilities. Although we share a common mammalian heritage with rats and mice, humans see much better and are predators more than prey. The book also contains sections on bats -the fl ying mammal -and on non-mammalian species, such as sea turtles. However, in a short book, there is sadly not much room for a full discussion of comparative biology that covers a wider variety of species and places navigation within the context of evolution and ecology. Navigation capabilities have developed in evolutionary time as part of a package of adaptations, enmeshed with other domains, such as mating, reproduction and the need for migration, so that some elements of a navigation system may be preserved while others vary across even closely related species. For example, chimpanzees and bonobos differ in their spatial memory in a way that suggests that the availability of easily located food may be the determinant of ability.
Another topic that is not covered in depth is the symbolic capacity of our species. Humans talk to each other about space, and, although the book mentions spatial language, it does not cover the large and controversial literature in anthropology, linguistics and psychology concerning the extent to which spatial language shapes spatial thought. Furthermore, although the reader encounters 'cognitive maps', there is little discussion of physical maps. The invention of the array of instruments and cartographic research that is necessary for creating these maps, on paper or online, allows for much human progress. The use of maps is arguably the underpinning of our appreciation of history, economics and world affairs, and it is necessary for epidemiology, investigation of climate change and more. How symbolic capability supports, augments, distorts and undermines human navigation is a tale that is not told in this book. The ubiquity of 'real GPS' -maps everywhere with route narration a fi ngertip away -stimulates interesting refl ection regarding whether technological advances will supersede the need for an ancient capability of the brain, and this issue could have been the focus of longer discussion.
Another omission is that the authors do not discuss how navigation develops, in humans or in any species. We are starting to know quite a lot about the sequence of the development of the various kinds of navigationally relevant cells in rat pups, and research on the development of spatial representation and cognitive maps in human children has a history at least half a century long. Some of the deepest and longest standing questions about the interplay of nature and nurture in development have arisen in the context of the study of navigation, as have some of the most heated controversies regarding whether the architecture of the human mind is modular or interactive. Indeed, the authors seem to have made some effort to skirt around discussion of controversy, not really touching much on other hot topics, such as whether men and women differ in navigation capability (and, if so, why) and whether there really is such a thing as a 'cognitive map'.
However, a thicker and technical treatment would not have been as engaging or as easy to read: Human Spatial Navigation is both. This stimulating book should intrigue readers. If so, they will fi nd that there is a rich and fast moving literature for them to enjoy. Undergraduates may be enticed into research in this area, advanced students will learn more about the context of their studies, and professionals in diverse areas such as neuropsychology and interface design may be enriched in their understanding. The book is an invitation to a banquet: an appetizer before the feast.
